research investigating the impact of skin-to-skin contact (SSC) on enhancing the stress resiliency of newborns as measured by cardiac vagal tone or high-frequency heart rate variability (HF-HRV). Indeed, enhanced HF-HRV is associated with stress resiliency, prosocial behavior, emotional regulation, improved health, and developmental outcomes. [3] [4] [5] [6] In general, preterm neonates tend to have significantly lower HF-HRV than full-term neonates, placing them at risk for emotional and social regulation issues because of decreased stress resiliency. 7 In theory, SSC should heighten vagal, parasympathetic activity thereby reducing allostatic load and enhancing stress adaptation. 8, 9 In neonates, SSC has been shown to increase breastfeeding rates, decrease pain response to procedures, reduce harmful bacteria in the oral microbiome, increase oxytocin levels, and lower incidences of hospital readmission. [10] [11] [12] [13] [14] SSC has also been shown to strengthen the bond between infant and mother, reduce symptoms of postpartum depression, and increase sensitivity to infant cues. 15 Additionally, SSC has been associated with decreased mortality rates and several improved shortand long-term developmental outcomes through the first decade of life. 6, [16] [17] [18] The effects of SSC in neonates appear to endure into adolescence, with notable improvements in cerebral motor functioning being observed in a SSC group versus control group. 19 Despite the advantages that SSC is known to provide, SSC has been slow to become standard practice. 20 One study conducted in sleeping, unhandled preterm neonates, reported a positive correlation between SSC and HF-HRV. 21 To our knowledge, however, no studies to date have evaluated the relationship between the frequency of SSC per week and its relationship with vagal, parasympathetic activity as measured by HF-HRV. The aim of the study was to test the hypothesis that increased SSC frequency results in enhanced HF-HRV, reduced neonatal morbidity, and improved developmental outcomes.
Methods Participants
Research was conducted on 110 preterm infants enrolled from March 2014 to May 2017 within a level IV NICU in south central Pennsylvania. Eligible participants consisted of medically stable preterm neonates ranging from 26 to 34 weeks postmenstrual age (PMA) at birth. Informed consent was obtained from neonates' parents within the first week of life. Exclusion criteria for enrollment included the following conditions: congenital anomalies, grade IIIþ intraventricular hemorrhage, invasive ventilation through day 5 of life, known active maternal TORCH infections, maternal autoimmune conditions, and prenatal exposure to illicit drugs as these conditions are known to impact autonomic system functioning. After enrollment, the score for neonatal acute physiology (SNAP) was calculated by trained coders using electronic medical record (EMR) data to classify participants by morbidity/mortality risk. SNAP is determined using 34 physiologic measurements from clinical tests and vital signs obtained in the first 24 hours postbirth. Each SNAP item is scored between 0 and 5 points with the total score representing the severity of illness, and total scores less than 9 suggest low morbidity risk.
22 SNAP has been demonstrated as an independent predictor of morbidity/mortality risk among preterm neonates, and adds prognostic value to other perinatal risk factors.
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Study Design
This study was a secondary analysis of a larger prospective study. This larger study's research protocol was approved by the Institutional Review Board affiliated with an academic college of medicine. SSC was a standard of care in the NICU and involved a mother or father holding their unclothed newborn prone and directly against their own bare chest. For each session, nursing staff strongly encouraged parents to maintain SSC for a minimum of 1 hour with focused attention and nurturing toward the neonate. Heart rate variability (HRV) data were collected prospectively using electrocardiogram, R-R wave data from neonates' bedside monitor while the neonate was in a light sleep state. Postprandial HRV data were obtained in two consecutive afternoons between noon and 5 pm for 30 to 40 minutes between days 5 and 8 of life and weekly thereafter until 35 weeks PMA using a portable data acquisition system with BioBench (National Instruments, Austin, TX) software and later analyzed by spectral analysis offline using MindWare HRV version 2.51 (MindWare Technologies, LTD, Gahanna, OH). 24 Neonatal morbidity outcomes (i.e., total days on ventilation, total days on oxygen, and length of hospital stay) and short-term developmental outcomes (i.e., PMA at full oral feedings and PMA at discharge) were recorded from infants' EMR weekly from birth through discharge. SSC information was documented by nursing and inventoried retrospectively by research staff from birth through day 21 of life from infants' EMR. The frequency range of HRV spectral analysis is dependent on the developmental age of participants. 25, 26 For this study, cardiac vagal tone as measured by HF-HRV was the parameter of interest for analysis. Accordingly, the following frequency range was utilized while analyzing preterm neonates' cardiac vagal tone: high-frequency (HF)/respiratory sinus arrhythmia band ¼ 0.3 to 1.3 Hz, to correlate with the faster resting breathing rates of 20 to 80 breaths/min in the preterm neonates in our sample population. 24, 27 Using fast
Fourier transform, spectral analysis was conducted on a mean of 13 120-second segments of R-R wave data collected from two consecutive afternoons during 30 to 40 minutes HRV measurement sessions. Each segmental analysis was manually screened to be free from movement artifact and ectopic beats. These artifact free segments were averaged to calculate mean HF-HRV.
Statistical Analysis
SPSS version 24 (IBM Corporation, Armonk, NY) was utilized for data entry and analyses. For each variable, descriptive statistics (e.g., mean, standard error, and range) were calculated and outliers and normality were checked before analyses. Correlation coefficients were used to examine the relationships between frequency of SSC and HF-HRV, measures of neonatal morbidity, and short-term developmental outcomes. Significant correlations were further analyzed using stepwise multiple regression models to examine the causal relationships between independent (i.e., SSC, HF-HRV, and SNAP) and outcome variables (i.e., measures of neonatal morbidity and PMA at discharge). Raw HF data were natural log transformed prior to their use in multiple regressions to correct for skewness of the data on tests of normality. All tests were two tailed at a 5% significance level.
Results
The study's sample consisted of 101 neonates between 26 and 34 weeks' PMA who received SSC at least once during their first 3 weeks of life. Nine participants did not receive any SSC during their NICU stay and thus were excluded from analysis as our primary interest was testing the contribution of SSC frequency on outcomes. Characteristics of the full sample (N ¼ 101) are that 55 were male and born to mothers with a mean maternal age of 29 years. The mean PMA of neonates was 31 weeks, with a birth weight of 1.6 kg, and a SNAP of 10.8 (►Table 1).
Neonates received SSC for an average of 1 hour per session during their first week of life with SSC frequency ranging from 0 to 23 sessions. The total number of days that SSC was provided during the first week of life ranged from 0 to 8 days (including day of birth).
As demonstrated in ►Table 2, during the first week of life, the frequency of SSC and HF-HRV were directly correlated, r s (97) ¼ 0.23, p ¼ 0.02, such that higher frequency of SSC was associated with enhanced HF-HRV. This association was stronger in a subset of neonates with higher acuity of illness (a SNAP of 10 or greater; n ¼ 55, SNAP range: 10-25), r s (55) ¼ 0.382, p ¼ 0.004, see ►Figs. 1 and 2. In the full sample, frequency of SSC during
Stepwise regressions were conducted to further evaluate the contributions of frequency of SSC and HF-HRV at week 1 of life on measures of neonatal health outcomes (i.e., days on ventilation, days on oxygen, and length of hospital stay) and a short-term developmental outcome (i.e., PMA at discharge) (►Table 4). Additionally, SNAP was included in the regression models to account for the effect of neonatal morbidity at birth on outcome variables. The final model for days on ventilation only included frequency of SSC and HF-HRV at week 1 of life as significant predictor variables (p < 0.05 for each variable). The final model with these two predictor variables accounted for 16% of the variance for days on ventilation, F (2, 92) ¼ 8.68, p < 0.001, R 2 ¼ 0.16. For days on oxygen, all three predictor variables (i.e., frequency of SSC, HF-HRV, and SNAP) had a unique significant contribution in the final regression model (p < 0.05), which accounted for 30% of the variance in outcome, F (3, 91) ¼ 13.21, p < 0.001, 
Discussion
Findings from this study support the hypothesis that greater frequency of SSC is associated with enhanced HF-HRV. In fact, we demonstrate that especially in the sickest and most vulnerable neonates, those with a SNAP of 10 or higher, SSC promotes stress resiliency as measured by higher HF-HRV. These findings support previous research that HF-HRV is heightened among preterm neonates receiving SSC for at least 1 hour daily for a minimum of 14 consecutive days.
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This finding corroborates with ours to show that increasing the frequency of SSC during the first week of life is useful as an intervention to enhance the stress resiliency of preterm neonates. While additional studies exploring the effects of SSC on HF-HRV in preterm neonates exist, the methodologies vary too greatly for comparison to our results, that is, measurement during transition from SSC to the incubator, and using HF-HRV bandwidth spectrum ranges appropriate for adults, but that do not consider the neonates faster breathing rate. We found that heightened HF-HRV at week 1 of life predicted significantly fewer days on ventilation, fewer days on oxygen, reduced length of hospital stay, and lower PMA at discharge. Furthermore, although increased neonatal morbidity at birth (i.e., SNAP) was found to predict increased days on oxygen and length of hospital stay, heightened stress resiliency at the first week of life was a stronger predictor of improvement on all measures of neonatal morbidity and PMA at discharge. These findings support a large body of research associating heightened HF-HRV with numerous improved health and developmental outcomes.
3-6 Additionally, these results highlight the importance of identifying interventions, such as increased SSC frequency during the first week of life, to enhance the vagal tone of premature infants, as stress resiliency at the first week of life is a greater predictor of neonatal morbidity and PMA at discharge than SNAP. Greater SSC frequency during the first week of life predicted significantly fewer days on ventilation, fewer days on oxygen, and reduced length of hospital stay. Additionally, greater frequency of SSC was associated with earlier PMA at discharge. These findings further support our hypothesis and support findings from several reviews evaluating the influence of SSC on health and developmental outcomes of preterm infants.
13, 16 Our study is one of the first to evaluate Fig. 1 The neonates at greatest risk, that is, those with the highest morbidity index (10 or greater), as measured by the score for neonatal acute physiology, were found to have a significant relationship between the number of times they received skin-to-skin contact (SSC) during their first week of life and cardiac vagal tone (high-frequency heart rate variability [HF-HRV]). r s (55) ¼ 0.382, p ¼ 0.004. linkages between SSC and HF-HRV in relation to measures of neonatal morbidity or developmental outcome. One limitation of this study is its single-center investigation which limits the generalizability of research findings. Other limitations include the retrospective nature of the SSC portion of data collection and the inability to control the consistency of SSC implementation or its documentation by nursing in the neonates' EMR. As SSC was a standard of care in the NICU, the quality of its implementation reflected standard practice rather than a treatment administered within an intervention study. Despite these limitations, our research offers several strengths that are worth discussing. The first strength was the prospective nature of the HRV and clinical outcome portions of this research. Second, by standardizing HRV data collection to the afternoon approximately an hour after care and feeding while neonates were in a sleep state, the research protocol exerted control over known confounding variables to HF-HRV such as infant state and circadian influences. Third, the sample size of 101 generously exceeds the number of participants recommended to determine a medium effect size. 28 Finally, a frequency range of 0.3 to 1.3 Hz was utilized during HF-HRV spectral analysis which is an appropriate frequency range given the developmental age and respiration rate of the study's sample population. This is necessary given the respiratory driven component of parasympathetic activity (HF-HRV) contributing to stress resiliency.
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Conclusion
Here, we provide further evidence that the frequency of parent/infant SSC enhances neonatal cardiac vagal tone during the first week of life and significantly reduces neonatal morbidity. This research suggests that while SSC is an important intervention for preterm infants, more specifically, the frequency of SSC during the first week of life may be paramount to aiding in the maturation of the vagal system, thus increasing stress resiliency and improving health outcomes during this critical developmental period. Given the advantageous influence of heightened vagal tone on health and developmental outcomes, further research investigating additional interventions for enhancing stress resiliency as measured by HF-HRV during preterm neonates' first week of life is strongly encouraged.
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